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REM ARES 

Clai ms 84 ? 85, 91, 92, 94 and 95 are pending in the Application 
Claims S4, 85, 9L 92, 94 and 95 are rejected. 



&K3BCTION UN1>ER 3g U£C. 1 112, 1 1 

Examiner has rejected Claims 94 and 95 under 35 LLS.C, § 112,1 h as failing to comply 
with the ' written description requirement Final Office Action at 2, 

The Examiner contends that the 'instant specification teaches thai 'tijhe ends of the 
single-wall carbon nanotubes are open, or closed. However, a combination of open and closed 
naiiotxibes is riot taught in the specificaik>n. : ' Id 

Applicant respectfully traverse* die rejection, 

Support for the combination of open and closed nanotubes is taught multiple times in the 

Application, for example, as cited below. 

Falkmie tubes may be closed ai one or both ends with end caps or open at 
one or both ends. 

Application at 25, IL 16 17. 

The nanomhe can have a fulierene cap (eg., hemispheric) at one end of 
the cylinder and a similar fulkrene cap at the other end. One or both ends 
can also be open. 

M at 33, IL 24-26. 

The tubular carbon molecules (including the oiuhiwali .forms) 
produced, as described above can he chemically derivaiized at their ends 
(which may be made either open or closed with a herm-fuifercne dome). 

kL m 34, IL 

Alternatively, the ftdieresse. caps of the smgle-walfed nanotubes may he 
removed at one or both ends of the tubes by short exposure to oxidizing 
conditions (e.g., with nitric acid or CVCO?) sufficient to open the tubes 
but not etch them hack too far, and the resulting open tube ends maybe 
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deriv atteed using known reaction schemes for the reactive sites at the 
graphene sheet edge. 

!&, at 34, it 17-22. 

hi addition, the coM>mations of end-detivaqxed single-wall carbon nandtubes >m 
diagrammed,, as shown below: 

in general the structure of such molecules can be shown as follows: 




at 34, ft 23-25. 

to these three molecules .diagrammed' in the Application and reproduced above, the 
' vertical, rectangular boxes are each a 'Substantially defect-free cylindrical graphene sheet 
(\Vhich optionally can be doped with non-carbon atoms) having from about lit to about l(f 
carbon atoms, and having a length, of from about 5 to about 1000 nm, preferably about S to 
about 500 mtf- £-e* the tube section of a single-wall carbon nanotube, ftL at 35, H 6-10. 
Moreover, in these three molecules reproduced above, the senn-ckefes are each Vi a fuHerene cap 
that fits perfectly on the cylindrical graphene sheet, has at least m pentagons and the remainder 
hexagons and typically has at least about 30 carbon atoms.; 5 ie. y an end cap of a single-wail 
carbon nanotube. I, at 35, II 12-15. Hence* the second molecule (II) reproduced above n a 
■single -wall carbon nanotube with one end opened and the other end closed 

In light of the foregoing, Applicant respectfully asserts thai the claimed subject matter 
was described in the specification in/Such a way as to reasonably convey to one skilled in the art 
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ami requests the Examiner withdraw his rejection of Claims 94 and 95 under 35 11.S.C1 § .1 12, 

1 1, 

IL REJECTION UNDER 35 W&Cz § IM&l OWE M VIEW OF ////MA 

Tfe Ex a miner h as maintained the rejection of Claims 84-85, 9 J -92 and 94415 under 35 
llSvC. § 103(a) as being unpatentable Hiura m al, United States Patent No, 5,698,175 
CHium") m view of lijima, et am ^Single-shell carbon nanotabes of 3-nm <&amc^"W^&* 
Vol 363, -June 17, 1993, pp 603-605 CW^'l* Final Office Action, at 3. 

Applicant respectfully traverses the rejection for the same reasons articulated in its 
Amendment Under 37 CPJRL § LI 11, filed June 26, 2006 ("the LI 11 Amendment), at 6 10. 

ill responding to the Applicant's argument, -the Examiner has apparently misunderstood 
Applicant's position, which has led the Examiner to he un-persuaded. Hence, Appiieaiu is 
compelled to explain its position with foxiher clarity and then address Examiner s response 
thereto. 

in the Li 1 i A.memimenl Applicant explained that a person of ordinary skill in the art 
would have imderstood that, under the teachings of Hium, the multi-wall carbon nanotobes 
were damaged by the disclosed process and resulted in the breaking of carbon-carbon bonds 
generally at .regions of defects on the walls and ends of the multi-wall carbon na&otubes. 1 ,"! 1 1 
Amendment, at 8. Such a person would have further recognized thai because of the multi-wall 
smieiure of the carbon TUmotubes. being tested in Mi urn .those carbon nanotuhes would have 
withst(>(}(i the attack to their wall layers and would still have remained Intact. Id However, and 
important, to the present analysis, a person or ordinary skill in die art would have expected that 
single -wail carbon nanotuhes would have been destroyed by the bond -splitting that was 
occurring in the Mium process, M Thus, a person of ordinary skill in the art would have 
believed that mmbmmg Hium with Bjima (i>e., performing the Hi mi process of single-waif 
carbon nanoluhes} would have failed to achieve the desired results. /&, at Rather, the 
results of such a process would reasonably have been believed to be that the Hmra process 
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would destroy the single-wall carbon masotubes. /fa. at 9. fa short, the results of the claimed 
process far the Application yielded a result that a person of ordinary skill in the an. would not 
have expected. M- As real world evidence that the result of the present Application was 
unexpected. Applicant provided the Examiner with Bujardm. Id £>fan«far showed feat, even 
well after the publication of Hhira and iijhna, "pjt was believed that purification of single-shell 
nanotubes based m preferential oxidation ami/or separation using surfactants was much more 
difficult than that of bradd-shelli nanomfees." 

The Examiner asserted two reasons why Applicant' s argument was nn -persuasive. 

First, the Examiner ignored' the statement made in Dujardin because, according to 
Exanuner. this statement applied to only gas-phase oxidation of multi-she!!, nanotubes. Final 
Office Action, at 5. This is not so. As an initial matter, one of the authors of Dujardin is Prof. 
T. W. Ebbesen. ■&ujwWn t at 611. Dr. Ebbesen is also, in fact, a named co- inventor of flium, 
ilium, at cover page. Hence, there can be no dispute that the authors of Bitjardin were fully 
cognizant of the processes disclosed in mum, when providing this above-quoted statement 
However, any question that this statement applied also to the processes disclosed in Eium is 
completely answered by looking at the endnotes of Dujwrlm. 

In particular, at the end of She above-quoted statement in Bujardm, the authors 
referenced four papers, including end note [6], which is I t. Hiura, T.W. Ebbesen, K. Taniaaku 
Adv. Mater. , 199$, 7, 275. See Bujardm, at 6 11 & 613. Attached hereto at Exhibit B is a copy 
of Hfara et 4k open ing and Purification of Carbon Nanotubes in High Yields;' M% 
No, 3. 275-76 (1995) 077fa //nofafa fauth is the paper cited in endnote ifp rn Bmardin. Hmm 
(995 makes clear the authors (which included both Dr. Hidelumi Hiura and Di T.W, Ebbesen, 
the named inventors of ffiuM) were trying "well-known oxidants, such as nitric acid, sulfuric 
acid, the mixture of both and ponsssmm permanganate" for opening and purifying mnki-shelled 
carbon nanotubes, 1993 Hfara, at 275. Thus, the statement made in Dujardin applied to liquid- 
phase oxidation fas well as gas-phase oxidation) of mufti-shell nanotubes. And, therefore. 
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Dujardm directly showed fat a person of ordinary skill in the- art would not have expected at 
the- time of the invention the results sho\vn in the present :. Application. For that matter, this 
evidence dearly shows that even the inventors of Mum would not have expected this 
result 

The only other bads the Examiner asserted as to why the. argument presented by 
Application was "^persuasive* was "because the instant process is also earned put by reacting 
nanotabes with highly oxidative acids and/or oxidation agents under reflux conditions. 
Therefore, it appears that die process of Hiura in view of iijmui and the instantly claimed 
process would produce similar rekilts," Final Office Action, at 4, In other words, the Exandner 
is relying on Applicant -s own disclosure to argue that the unexpected result was expected, It i$ 
ci early euro r to rely on Applicant's own disclosure in this manner. Otherwise, if this were 
allowed, the results of the applied for invention could always be used to determine what a 
pet son of ordinary skill should have expected and, thus, no invention conk! ever be 
"inspected." In .short, to protect against hindsight analysis, the Applicant's own disclosure 
can never be utilized in this manner to show obviousness. 

Accordingly, it is impermissible to rely on the Applicant's dteddsum to show the 
invention was expected and the Examiner cannot ignore the statements made in the art thai 
show the a person of ordinary skill in tire art would reasonably have been believed the Hiura 
process would desiroy single-wall carbon nanoiubes. 

Evidence of unexpected results must be considered by Examiner, MPJLP, § 2141; me. 
also In re Sernaker, 702 P.2d 989. 996, 21? CiS.RQ, 1, 7 (Fed, Cit 1983). Moreover, such 
evidence -'serve! sj insurance against the insidious attraction of the siren hindsight" when 
evaluating the prior art. WiJL Gore & Avsoa v, Oarlock, !nc\, 721 F/2d 1540, 1553, 200 
U.8.P.Q. 303,313 (Fed. Ch\ 1983), 
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In light of the foregoing. Applicant respectfully requests 'that the£x^ 
rejection ol Claims 84-85, 9 1 -92 am! 94-95 under 35 U.S,C< §103 (a) as being unpatentable over 
Hium in view oilijima 

ni cmcimmn 

As a result of the foregoing, it is asserted by Applicant that the Claims in the 
AppHeatiOii are now in a condition, for allowance, and respectfully requests, allowance of ^oeh 
Claims, 

Applicant H?spectfiiny requests that die Bxaniiner call Applicant's attorney at the below 
listed number if the Examiner believes thai such a discussion would be helpful in resolving any 
remaining problems. 



November 13, 2006 

Pish & lichanlson RC 

i l l Congress Avenue, Snite 810 

Austin, Texa$ 7B70i 

Telephone;; 5i2"226-8i47 

Facsimile-; 5 



Respectful! y submitted, 

FISH & RICHARDSON F.C, 
Ageriyfof^ ^ 
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Opei&ig mi ParificMkM of Carbon N^itifees in 
High Yields**- 

Hultfmti Hum * Tmms W Ebm^n, and 

Carbon na^otubss e*m he thought of as cylindrical 
gmphitic -fliricra^fysKite with siasKjmeicr diameters wiiieh arc 
expected to nave unique properties/ 13 Currently mi)i(i~sh&i] 
ntmptubegma fee made m gran?»or#rs using tft£ e&rbati are 
dtschafge.s^lhssls method; 1 *- 31 . However, ihe; : crmie..^mpJ : e 
: contain n<n only nanof&beg : but also nanoparlkfe with a 
weight m\k> of it\Hmi 2:1 to the tea cases. Therefore rte 
nanotabes must be tether ptirMed m order to mv«$%i£c 
precisely their ■ properties. 

Recently we reported the puriik&tjon of nmotiihm by 
OKid^ti(>n mmr at 'high tempenuure (around ?5G^C), w In 
this precox the nanopamele* are consumed more rapidly 
ih&n the'; .tiSUtdtube^. However the yields very -small 
{:< 1 %) probably due to the local mhomogendties m the gas 

iavssiigatsd the ftq aid-phase oxidatiori of the crude nan- 
otahti samples ami found th&j under suitable conditions nigh- 
yields of opened puriOed n^motehes can be ohonned- 

Jo. this paper we describe ihb method which gives y adds of 
the order of 40% depcuKhng on fhs composition of die crude 
.^onrne. This method is very -useful io ohmn pmn-qumiMm 
of purified rmnoutbes at one time under we j i -con t roi led co n - 
dkiom. 

By analogy with the ps-pha^^ oxidalion referred to earSk 
tt, m we. tried several, wefc knowt) mmg mkkml% s'uchM. 
nhm aeid >: sulfuric add, the m&turg 'of both &ftd potsssiujj) 
- jrctxtt&ttg&$&t& [yatjsmbsion efcetron ruicro$eopy fFEM) 
ob^rvatioTJ reveaM that oxki&tion \va.s ni uch more ho ■ 
mogenmus in solution where the aaaoufhe sample' could be 
well dispersed through ^onkatron aru! the ehemicil attack 
could brumfonrr The oxidation by sulnnlc tunl nitric adds 
n eximr.dy sfe'w and weak, A nuxnue of The two gives 
slightly better results, 

for |ntntMtk>n pamoses, by-far the best oxidant & pom- 
mum permanganate in acidic .solution,- Therefore,, for 'the 
latter case, ihe methodology will he -described iti nsxt. 
1.00 & of the core fibrous material is taken from the deposit 
^yothe^^ed by -ine carbon arc discharge tijetfod, 1 - 2, * J ground 
and dispersed it) liKYml of i'N. Sulfuric add. This soluiiojs is 
placed, in a kvo necked ftask Hued with a reOnx condenser. 

Fu%&n&&A-< R^y^rch . Lifers:- itrics, NitC C>;>fpv*r&aen 

5\\:>oteb«s -&v «jtfi$'-^ki Im. imn t$pm*d (iMm ei ,%?^><? IW^r^ 



Separarely, 19 :8 g (L5 molar excels in lerrns of atonnc car- | 

hon conieni) of potas$ium pennangarjsie is dissolved in | 

200 ml of 1 N sulfuric acid and placed i n a •Jtrnnei fitted lo ite j 

side mak of. the ilask, the Ha^k; is honied to I SO in an oil I 

ba : t h with ^.Igor^i^-sUrring (magaette .stirrer) . Thcr;jK>!a^S urn i 

pernianganaic solution is then added drop by drop through j 

the side Mtnd. The soinilon is then refhixed for ao add! lion- | 

ai 5 hours. The nature is rneri eooled w<i Hhered through a | 

G4 -.gimTjilsr • (pore. m?4 10- Ihrnml. Ths filtrate b washed ] 

with pure water and then with eoneentrated hydrochlonc j 

acid to remove the mang&sk^iv) oxide (redtseed from the I 

original poiaj>siunx pernsangJin-ite) . When ail the manga nese I 

oxide hits been dissolved away, the HUtAte h ag;nn washed j 
with pure water. The residua! filtrate ecmt&iomg the punOed 
j:anotehe:i is eoOeeted arid <Mm under vacuum for several 
hoursv 

The yidcl of" t he pu M led m srcmdxtt is a ooixi # % ih terms 

of the total weight of ihe starting raw material. Figure 1 I 

shows the T.B M ■ plemre* of the sample before and &ftt*r this ( 
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proofs. A§ mi hes mm the. r^tnoparticl^.; have hsen re- 
moved: Sdmeumss some. new Implies appear is the 
sarhple di*e roMhe jusroeroiss steps Jn the process, Micro 
•X-ray anaiysm^ 

This is -nosl likely ^ ue to the 'ctcfei ng of ite. glass flask by the 
boiling .su1far&:&cad and pos&ssiurn permanganate mixture. 



1 his AhQiM he 



yy treating; the ssunpie with 



HE or nsing $ dsfTerexsJ coniainer llic mmirxium. yield can- 
not be higher than the amount of mmc>t\ibeis hi the orlgiJial 
erud& sample. Therefore the fi.eees&iry aso&ss. of potassium 
permng&n&te -wfth respect to the staniag material mm. be 
calibrated to the weight ratio of tua^opartkte to n.anotubes 
in Ik? mxipk. 

In our mm, TBM ^s^rvsitiens revealed that xvhsn the 
rm>k* ■■ratio' is around 8.2, % n&no tubes begin to opened and 
• he T^sopariseles become round dye to re&ct:<on at the edges. 
Whea the molar -ratio about 15, the muu.Hu be* are puri- 
feh However iflte excess, is turtbe-r inemised (e,g- 2.21, the 
muioUihes become shortened due to iheexces&ve oxidation, 
The, shortening H due to the feet that oxidation starts at the 
hps of the ■■ft»«otti^.&s1iaKbe«n shown ctsewhem^ 6 ' This 
■[:« mostly (hie tostram&j ths Up which enhance vis reaction 

The purification therefore; &lm opens the nan- 

•oUifee* on a large se&ki. Tfc*s wlh be useful for doing 
rmnoscale experiment* in ihe hoSow cavities, of the nan- 
oosbes since we have -shown elsewhere that they are weti&hJe 
by low .surface tension ncunds, r? - The ox;<hnion proem 
changes the chenrlcaiurake-iip of the reactive edge of the tips 
and perhaps even ilie outer (and the Irrrser) layer of the nan- 
Otube. This in turn might atBet their properties , TO check : for : 
any signhfean* cherrhce! mcjdipeatk>-n v . the purified itm- 
otubes were anaiyred by XFS (BSC A),. The detailed results 
of- the X PS analysis will .be described. e^ewhere> iS ^ 

Figure^. sho\v* the $e&k-3ii?pa rated difference XPS spec- 
trum of the pmrified nanoiiibes around 2S5eV. The main 
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binding Energy * ?V 



peek fc& Off)'.ai ; 2-84-6 eV is iinanihigaon^y assigned io the 
Cis of graphitic, carbon,: Thb sfeouidc?r of the mam peak fe 
composed of three peaks* which are assigned to the Gls of 
hydroxy! carbon 3 : eV) y . thai of earbony! ci-rbon 
{287:6 eV) and Jhat of carboxyl carbon \2M$ tV), Theaaah 
vsis of the peak areas irjdi^ites thai ea, 15 pefeerit of the 
carbon constituting the nanoUibc^. a^e Bound to thorn 
groups B^ mdkmt^d in Figure 2. Claarly, rsol only the lips: bh$ 
also tht? surface of the outer layer is covered with thesv? spe- 
cies, lire presence of these hydrophihe gronp hmoticeabk in 
thai the pnriited nanoiubs§ di$pcr^ much more easily in 
water than the origma! satRpIe'.,- 

In a>nciajtion> we have praserrieu a simple method to ob- 
tain: opened arid purified nanotuta m high yidds : which 
should allow For their accurate physical ch^raeierization. 
With. the. resultant higher di^^rsibiihy, ihh method also 
opens the way for further chemical decoration and modifica- 
tion of carbon oaaouihes and their "eventual use in mo- 
niin;icnc ftV?]i.ems. tt , . . ^ , 
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Fteteottdtietfvity in the Columnar Phases of 
a (Itemy DkcMk Twia** 

By i>ic?/er ^^fem, Per^r Sckuhmacher,. Jii?$m Smmmefs 
■Lt<kti$ Jlm01ihg, Woi/gang .Paukx:, Km Simmumeyw, 
Karh tfemz Erzhach, Helmut Rmgxihrfl &n& 
Dietrich Baarer* 

The electrons of orgenie ^y^tems 

are rriiiiniy determmed by the supramotaniar arrangement 
and packmjg bf lhe mb3ficx?!ar itms^fhiv0lved, Th<? ove-r^p of 
molecular wavefuriCtiori$ is oiten more important rhasi the 
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